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^P^Plasm a  wave  and  plasma  measurements  from  the  DE-1  spacecraft  are 
used  to  Investigate  an  intense  band  of  low  frequency,  <  100  Hz,  electric 
and  magnetic  noise  detected  at  low  altitudes  over  the  auroral  zones. 

This  noise  is  observed  by  DE-I  on  essentially  every  low  altitude  pass 
over  the  auroral  zone  and  occurs  in  regions  of  intense  low  energy,  100  eV 
to  10  keV,  electron  precipitation  and  field-aligned  currents.  The  elec¬ 
tric  field  polarization  in  a  plane  perpendicular  to  the  static  magnetic 
field  is  random.  Correlation  measurements  between  the  electric  and  mag- 

oijM 

netic  fields  show  that  the  perpendicular  (~  north-south)  electric  field 
fluctuations  are  closely  correlated  with  the  perpendicular  (east-west) 
magnetic  field  fluctuations,  and  that  the  Poynting  flux  is  directed  down¬ 
ward,  toward  the  Earth.  The  total  electromagnetic  power  flow  associated 
with  these  fluctuations  is  very  large,  approximately  10*1  watts. 

Two  Interpretations  of  the  low  frequency  noise  are  considered: 
first,  that  the  noise  is  produced  by  quasi-static  fields  Imbedded  in 
the  ionosphere,  and  second,  that  the  noise  is  due  to  Alfven  waves 
propagating  along  the  auroral  field  lines.  For  the  quasi-static  inter¬ 
pretation,  the  ratio  of  the  magnetic  to  electric  field  strengths  Is 
determined  by  the  Pedersen  conductivity  at  the  base  of  the  ionosphere, 

whereas  for  the  Alfven  wave  interpretation  it  is  determined  by  the 

■s  — 

Alfven  index  of  refraction.  Measurements  show  that  the  magnetic  to 
electric  field  ratio  decreaie\  rapidly  with  Increasing  height,  in  good 
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agreement  with  the  Alfven  wave  Interpretation  and  in  poor  agreement 
with  the  quasi-static  Interpretation.  The  DE-1  observations  therefore 
provide  strong  evidence  that  the  low  frequency  electromagnetic  noise  Is 
caused  by  Alfven  waves  propagating  along  the  auroral  field  lines.  At 
present,  the  origin  of  the  Alfven  wave  turbulence  has  not  been  estab¬ 
lished.  Most  likely  the  source  is  located  at  high  altitudes,  since  the 
Poynting  flux  is  usually  directed  downward  toward  the  Earth  at  alti¬ 
tudes  up  to  at  least  1  Rg. 


I.  INTRODUCTION 


One  of  the  most  prominent  and  commonly  occurring  types  of  noise 
detected  by  the  plasma  wave  Instrument  on  the  Dynamics  Explorer  I 
spacecraft  is  an  intense,  broadband,  f  <  100  Hz,  spectrum  of  electric 
and  magnetic  fluctuations  at  low  altitudes  over  the  auroral  zones.  The 
DE-1  observations  of  this  noise  are  not  new.  The  existence  of  intense 
low  frequency  electric  field  fluctuations  at  altitudes  of  a  few 
thousand  km  over  the  auroral  zones  was  first  reported  by  Heppner  [1969] 
using  electric  field  measurements  from  the  OV1-10  spacecraft.  This 
noise  was  subsequently  described  and  studied  by  a  number  of  investi¬ 
gators,  including  Maynard  and  Heppner  [1970],  Kelley  and  Mozer  [1972], 
Kintner  [1976],  Temerin  [1978],  Maynard  et  al.  [1982]  and  Curtis  et  al. 
[1982].  Typically  the  noise  occurs  over  a  frequency  range  from  a  few 
Hz  to  several  hundred  Hz,  decreasing  in  intensity  with  increasing  fre¬ 
quency.  Somewhat  similar  broadband  electric  field  noise  was  also 
reported  by  Gurnet t  and  Frank  [1977]  along  the  auroral  field  lines  at 
altitudes  of  several  Earth  radii  and  higher.  However,  because  of  the 
markedly  different  plasma  parameters  at  these  higher  altitudes  it  has 
never  been  clear  that  the  broadband  electrostatic  noise  observed  at 
high  altitudes  is  the  same  as  the  noise  observed  at  lower  altitudes. 

It  has  been  widely  believed  that  the  frequency  spectrum  of  the  low 
altitude  electric  field  noise  is  caused  by  the  motion  of  the  spacecraft 
through  quasi-static  electric  field  structures  in  the  ionosphere.  This 
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interpretation  was  first  proposed  by  Heppner  [1969]  and  has  been  given 
strong  support  by  Tetnerin  [1978]  on  the  basis  of  short  wavelength 
antenna  interference  effects  observed  in  the  spectrum  of  the  low  fre¬ 
quency  noise.  These  interference  effects  demonstrate  that  the  wave¬ 
lengths  of  the  noise  can  be  very  short ,  only  a  few  tens  of  meters ,  or 
less.  Wavelengths  in  this  range  produce  Doppler  shifts  of  several 
hundred  Hz  or  more  at  typical  spacecraft  velocities. 

Irregular  magnetic  field  fluctuations  are  also  a  common  feature  of 
low  altitude  satellite  magnetic  field  measurements  in  the  auroral  zone 
[Zmuda  and  Armstrong,  1974a, b].  At  low  frequencies,  below  a  few  tens 
of  Hz,  these  magnetic  field  fluctuations  are  usually  interpreted  as 
being  due  to  the  motion  of  the  spacecraft  through  a  system  of  quasi¬ 
static  field-aligned  currents  linking  the  auroral  zone  and  the  distant 
magnetosphere.  For  a  recent  review  of  field-aligned  currents  in  the 
auroral  regions,  see  Potemra  [1983].  Using  data  from  the  Hawkeye  1 
spacecraft,  Kintner  [1976]  showed  that  the  electric  field  noise  and  the 
magnetic  field  noise  occur  in  the  same  region  and  that  both  types  of 
noise  have  similar  spectrums,  varying  approximately  as  f1*9  for  the 
electric  field  and  as  f-2,8  for  the  magnetic  field.  The  noise  also 
occurs  in  regions  of  large  shear  in  the  east-west  convection  velocity. 
These  observations  led  Kintner  to  suggest  that  the  noise  is  two- 
dimensional  MHD  turbulence  excited  by  a  shear-driven  Instability  in  the 
auroral  zone.  For  a  further  discussion  of  two-dimensional  MHD 


turbulence  processes  in  the  auroral  regions,  see  Kelley  and  Kintner 

[1978]. 


In  this  paper  we  describe  the  DE-1  observations  of  the  low  fre¬ 
quency  auroral  zone  noise  and  discuss  the  relationship  of  these  obser¬ 
vations  to  low  energy  plasma  measurements  on  the  same  spacecraft. 
Compared  to  previous  observations  the  DE-1  plasma  wave  measurements 
provide  a  new  capability  for  determining  the  correlation  between 
various  components  of  the  electric  and  magnetic  field,  thereby  giving 
new  information  on  the  character  of  the  noise.  The  DE-1  data  also  pro¬ 
vide  measurements  over  a  range  of  altitudes  along  the  auroral  field 
lines  that  have  not  been  previously  surveyed.  For  a  description  of  the 
plasma  wave  instrument  on  DE-1,  see  Shawhan  et  al.  [1981]  and  for  a 
description  of  the  plasma  Instrument,  see  Burch  et  al.  [1981]. 
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II.  BASIC  CHARACTERISTICS  AND  REGION  OF  OCCURRENCE 


To  Illustrate  the  general  characteristics  of  the  low  frequency 
electric  and  magnetic  field  noise,  we  will  now  describe  some  repre¬ 
sentative  events  and  discuss  the  region  of  occurrence  of  the  noise.  A 
typical  example  Is  shown  In  Figure  1.  The  top  panel  of  this  illustra¬ 
tion  shows  a  frequency-time  spectrogram  of  the  electric  field  detected 
by  DE-1  during  a  low  altitude  pass  over  the  southern  polar  region  on 
October  23,  1981.  The  bottom  panel  shows  the  corresponding  magnetic 
field  spectrogram.  To  interpret  these  spectrograms,  it  is  necessary  to 
understand  the  geometry  of  the  orbit.  DE-1  is  in  a  highly  eccentric 
polar  orbit  with  an  apogee  geocentric  radial  distance  of  4.65  Rg  and  a 
perigee  geocentric  radial  distance  of  1.1  Rg.  At  the  time  of  the  pass 
shown  in  Figure  1  the  perigee  was  located  over  the  southern  polar 
region.  Because  of  the  high  spacecraft  velocity  near  perigee,  the 
spacecraft  passes  over  the  southern  polar  region  very  quickly.  The 
spacecraft  crosses  through  the  evening  auroral  zone  from  about  0428  to 
0433  UT,  passes  over  the  polar  cap  from  about  0433  to  0440  UT,  and 
crosses  through  the  morning  auroral  zone  from  about  0440  to  0444  UT. 

The  dark  portions  of  the  spectrogram  indicate  regions  of  higher  inten¬ 
sity.  The  low  frequency  electric  and  magnetic  field  noise  is  clearly 
evident  over  the  evening  and  morning  auroral  zones  at  frequencies 
extending  up  to  about  50  Hz. 


Usually  the  low  frequency  electric  and  magnetic  field  noise  Is 
most  Intense  In  the  lowest,  1.78  Hz,  frequency  channel  and  decrease  In 
Intensity  with  Increasing  frequency.  The  noise  sometimes  has  an  upper 
frequency  limit  near  the  cyclotron  frequency  of  singly  charged  oxygen, 
0+.  For  reference,  the  cyclotron  frequencies  for  protons,  fcH+>  and 
singly  charged  oxygen,  fco+,  are  shown  in  Figure  1.  As  can  be  seen, 
most  of  the  energy  in  the  spectrum  Is  concentrated  below  the  OF*  cyclo¬ 
tron  frequency.  The  tendency  for  the  electric  field  spectrum  to  have 
an  upper  frequency  limit  near  fcCH-  has  been  previously  pointed  out  by 
Curtis  et  al.  [1982].  Although  the  noise  sometimes  appears  to  have  a 
cutoff  near  the  0+  cyclotron  frequency,  cases  can  be  found  where  the 
spectrum  extends  well  above  fco+.  This  Is  particularly  true  for  the 
electric  field.  For  example,  during  the  morning  auroral  zone  crossing 
in  Figure  1,  from  0440  to  0444  UT,  the  electric  field  spectrum  can  be 
seen  extending  up  to  near  the  proton  cyclotron  frequency.  Often  the 
higher  frequency  noise  Is  of  entirely  different  origin,  either  auroral 
hiss  emissions  or  ELF  noise  bands  of  the  type  reported  by  Gumett  and 
Frank  [1972],  and  Temerln  and  Lysak  [1984].  With  the  available  fre¬ 
quency  resolution  it  is  often  difficult  to  determine  the  transition 
between  these  different  types  of  noises. 

Another  example  of  the  low  frequency  electric  and  magnetic  noise 
is  shown  in  Figure  2.  This  illustration  shows  a  magnetic  field  spec¬ 
trogram  from  a  pass  over  the  southern  polar  cap  on  January  11,  1982, 
about  three  months  after  the  pass  in  Figure  1.  The  low  frequency  noise 
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is  again  clearly  evident  over  the  two  auroral  zones,  from  0838  to  0843 
UT  in  the  local  evening,  and  from  0846  to  0849  UT  in  the  local  morning. 
The  tendency  for  the  spectrum  to  exhibit  a  cutoff  near  the  0+  cyclotron 
frequency  is  again  evident.  Examination  of  all  the  passes  that 
occurred  during  this  period  shows  that  the  low  frequency  noise  persists 
with  very  similar  characteristics  from  one  orbit  to  the  next  over  a 
period  of  at  least  several  months.  The  width  of  the  region  of  enhanced 
noise  levels  and  the  peak  intensities  vary  somewhat  from  orbit  to 
orbit,  but  the  noise  is  essentially  always  detectable. 

To  determine  the  region  of  occurrence  of  the  low  frequency  noise, 
a  survey  was  performed  of  all  of  the  DE-1  spectrograms  obtained  over  a 
two-year  period,  from  September  1981  to  September  1983.  The  criterion 
for  identifying  the  noise  was  to  select  events  with  simultaneous  broad¬ 
band  electric  and  magnetic  field  spectruns  comparable  to  those  shown  in 
Figures  1  and  2.  The  results  of  this  survey  are  shown  in  Figures  3  and 
4.  Figure  3  shows  the  spacecraft  trajectory  for  all  of  the  events 
identified  plotted  as  a  function  of  radial  distance  and  magnetic  lati¬ 
tude.  It  is  evident  that  the  noise  occurs  at  all  altitudes  along  the 
auroral  field  lines  up  to  radial  distances  of  at  least  2  Rg.  Usually, 
the  intensity  and  upper  frequency  limit  of  the  magnetic  noise  decreases 
with  Increasing  altitude.  The  electric  field  spectrum  is  more  compli¬ 
cated  and  tends  to  spread  upward  in  frequency  with  Increasing  altitude, 
merging  into  a  broadband  spectrum  characteristic  of  the  broadband  elec¬ 
trostatic  noise  described  by  Gurnett  and  Frank  [1977],  The  region  of 
occurrence  in  Figure  3  does  not  extend  to  the  higher  altitudes  reported 
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by  Gurnett  and  Frank  (1977]  because  we  demanded  the  simultaneous 
presence  of  both  electric  and  magnetic  noise.  Since  the  broadband 
electrostatic  noise  Is  quite  common  at  higher  altitudes,  the  upper 
altitude  cutoff  of  the  events  in  Figure  3  is  mainly  determined  by  the 
magnetic  noise. 

The  distribution  of  the  low  frequency  noise  in  magnetic  local  time 
and  invariant  latitude  is  shown  in  Figure  4.  Except  for  gaps  in 
the  early  morning  and  early  afternoon,  the  noise  occurs  at  essentially 
all  local  times  around  the  auroral  zone.  The  gaps  in  the  early  morning 
and  early  afternoon  are  believed  to  be  a  sampling  effect  caused  by 
secular  changes  in  the  orbit.  Because  of  the  combined  effect  of  the 
latitudinal  motion  of  perigee  and  the  change  in  the  local  time  of  the 
orbit  plane,  no  low  altitude  passes  are  available  in  the  present  data 
set  in  the  early  morning  and  early  afternoon. 


III.  RELATIONSHIP  TO  AURORAL  PRECIPITATION 


To  establish  the  relationship  between  the  low  frequency  electric 
and  magnetic  noise  and  the  auroral  zone,  we  have  investigated  the  DE-I 
plasma  measurements  for  a  number  of  the  events  described  in  the  pre¬ 
vious  section.  A  typical  example  is  shown  in  Figure  5.  The  top  panel 
of  this  illustration  shows  the  magnetic  field  spectrogram  for  a  low 
altitude  pass  over  the  southern  polar  region  on  October  25,  1981,  two 
days  after  the  event  shown  in  Figure  1.  Again  the  low  frequency  noise 
can  be  identified  in  the  two  auroral  zones,  from  0425  to  0428  UT  in  the 
local  evening,  and  from  0434  to  0439  UT  in  the  local  morning.  For 
comparison  the  low  energy  electron  flux,  electron  density,  and 
field-aligned  current  density  are  shown  in  the  bottom  three  panels, 
which  are  expanded  to  cover  the  time  interval  from  0424  to  0442  UT. 
These  parameters  were  obtained  by  integrating  over  electron  energies 
from  56  to  13,206  eV.  The  regions  of  intense  low  frequency  noise  are 
indicated  by  shading.  Well-defined  enhancements  in  the  electron  flux 
and  electron  density  are  evident  in  the  region  where  the  noise  is 
observed.  The  low  energy  electron  fluxes,  —  10-  to  10 1 0  cm-2  sec-1, 
and  electron  densities,  ~  10" 1  to  1.0  cm-3,  are  typical  of  the  electron 
precipitation  commonly  observed  in  the  auroral  regions.  Usually  little 
or  no  proton  precipitation  is  observed  in  these  regions.  The  bottom 
panel  of  Figure  5  shows  that  the  low  frequency  noise  is  also  closely 


i 


12 


associated  with  regions  of  enhanced  field-aligned  current  densities. 

The  current  densities  are  computed  from  the  measured  electron  distribu¬ 
tion  function,  integrated  over  the  energy  range,  56  to  13,206  eV.  Most 
of  the  contribution  to  the  field-aligned  current  comes  from  low  energy 
electrons  with  energies  of  a  few  hundred  eV. 

Another  example  comparing  the  low  frequency  electric  and  magnetic 
field  noise  and  the  low  energy  electron  measurements  is  shown  in  Figure 
6.  This  example  is  for  the  pass  over  the  southern  polar  region  shown 
in  Figure  1,  on  October  23,  1981.  The  top  panel  of  Figure  6  shows 
the  magnetic  field  spectral  density  on  an  expanded  time  scale,  and  the 
bottom  three  panels  show  the  electron  flux,  electron  density  and  field- 
aligned  current  density.  The  regions  of  intense  low  frequency  noise 
are  Indicated  by  shading.  Again  the  noise  is  seen  to  occur  only  in 
regions  of  enhanced  electron  flux  characteristic  of  the  auroral  zone. 

As  in  the  previous  example,  the  noise  is  again  closely  related  to 
regions  of  enhanced  field-aligned  current  density. 


IV.  ELECTRIC  AND  MAGNETIC  FIELD  SPECTRUMS  AND  CORRELATIONS 


To  help  determine  the  nature  of  the  plasma  fluctuations  respon¬ 
sible  for  the  low  frequency  electric  and  magnetic  noise,  we  have  per¬ 
formed  a  detailed  study  of  the  relationship  between  the  electric  and 
magnetic  field  spectrums,  including  correlations  between  the  various 
field  components.  Comparisons  of  two  simultaneously  measured  electric 
and  magnetic  field  spectrums  are  shown  in  Figures  7  and  8.  The  spec¬ 
trums  in  Figure  7  are  from  the  pass  on  October  23,  1981,  shown  in 
Figure  1,  and  the  spectrums  in  Figure  8  are  from  the  pass  on  January 
11,  1982,  shown  in  Figure  2.  Both  of  the  spectrums  have  been  selected 
from  times  of  maximum  intensity  during  the  pass.  In  both  cases  the 
spectrums  decrease  monotonically  with  increasing  frequency.  Although 
Kintner  (1976]  has  chosen  to  describe  the  electric  and  magnetic  field 
spectrum  by  a  power  law,  these  spectrums  show  that  the  intensities 
often  deviate  considerably  from  a  power  law.  We  find  that  the  spectrum 
often  has  a  peak  or  a  change  in  slope  that  cannot  be  accurately 
described  by  a  power  law.  Also  notable  is  the  tendency  for  the  elec¬ 
tric  and  magnetic  field  spectrums  to  have  the  same  shape,  particularly 
at  frequencies  below  about  a  hundred  Hz.  If  the  electric  field  spec¬ 
trum  has  a  peak  or  a  change  in  slope,  then  this  feature  is  usually  also 
present  in  the  magnetic  field  spectrum.  One  is  given  the  strong 
impression  that  the  electric  and  magnetic  field  spectrums  are  closely 
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To  characterize  the  relationship  between  the  electric  and  magnetic 
field  spectrums,  it  is  useful  to  compute  the  ratio  of  the  magnetic  to 
electric  field  strength.  This  ratio  is  shown  as  a  function  of  frequency 
in  the  top  panel  of  Figures  7  and  8,  and  is  expressed  in  terms  of  an 
index  of  refraction,  n  -  cB/E,  on  the  left,  and  a  conductivity, 

Z  “  B/(u0E),  on  the  right.  Possible  interpretations  of  these  two  quan¬ 
tities  are  discussed  in  the  next  section.  The  magnetic  to  electric  field 
ratio  is  usually  nearly  independent  of  frequency,  as  in  Figure  7,  or 
decreases  slightly  with  increasing  frequency,  as  in  Figure  8.  At  low 
altitudes,  R  =  1.2  Rg,  the  magnetic  to  electric  field  ratio  is  usually 
fairly  consistent  from  orbit  to  orbit,  with  typical  values  ranging  from  n 
=  300  to  1000,  and  from  I  «  0.5  to  2.0  mhos.  Statistical  studies  show 
that  the  magnetic  to  electric  field  ratio  decreases  systematically  with 
increasing  altitude.  This  variation  is  illustrated  in  Figure  9,  which 
shows  a  scatter  plot  of  cB/E  and  B/(y0E)  as  a  function  of  altitude  using 
all  of  the  available  data.  Two  frequencies,  3.11  Hz  and  10  Hz  are  shown. 
All  frequencies  below  about  100  Hz  show  the  same  basic  trend,  with  the 
magnetic  to  electric  field  ratio  decreasing  with  increasing  altitude. 

The  scatter  in  the  individual  points  with  respect  to  the  overall  trend 
tends  to  decrease  with  increasing  frequency.  The  scatter  is  also 
affected  by  the  correlation  between  the  electric  and  magnetic  fields, 
which  can  be  measured  with  the  on-board  correlator,  and  tends  to  decrease 
with  increasing  correlation  coefficient.  To  reduce  the  scatter  and  help 
eliminate  the  uncorrelated  component  of  the  noise,  the  points  plotted  In 
Figure  9  have  been  restricted  to  correlation  coefficients,  p,  greater 
than  0.6.  This  criterion  eliminated  about  one-half  of  the  data  points. 
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Except  for  various  types  of  electromagnetic  emissions  at  high  fre¬ 
quencies,  the  magnetic  field  spectral  density  usually  drops  below  the 
Instrument  noise  level  at  frequencies  above  a  few  tens  of  Hz.  In  some 
cases  the  magnetic  field  spectrum  shows  very  convincing  evidence  of  a 
decrease  in  intensity  near  the  0+  cyclotron  frequency,  as  in  Figure  8. 
In  other  cases,  as  in  Figure  7,  the  evidence  of  a  cutoff  at  fco+  is 
less  certain,  possibly  because  the  spectral  density  drops  to  near  the 
instrument  noise  level  before  reaching  the  cutoff.  The  evidence  for  a 
cutoff  in  the  electric  field  spectrum  at  the  0*  cyclotron  frequency  is 
less  convincing.  Usually  the  electric  field  spectrum  is  most  intense 
below  the  0+  cyclotron  frequency,  but  often  a  weak  component  extends 
across  fco+  to  higher  frequencies.  Since  whistler  mode  auroral  hiss 
and  other  types  of  electrostatic  noise  are  usually  present  at  higher 
frequencies,  one  has  the  strong  impression  that  two  different  types  of 
noise  may  be  overlapping  in  this  part  of  the  spectrum. 

Further  Information  on  the  relationship  between  the  low  frequency 
electric  and  magnetic  field  noise  can  be  obtained  from  the  correlator 
incorporated  in  the  DE-1  plasma  wave  instrument.  The  correlator  gives 
the  correlation  coefficient  and  relative  phase  between  signals  received 
by  any  selected  pair  of  antennas.  An  example  of  the  output  of  the 
correlator  is  shown  in  Figure  10  for  a  low  frequency  noise  event 
observed  at  low  altitudes  over  the  southern  auroral  zone  on  September 
24,  1981.  In  this  case,  the  correlator  was  connected  to  the  Bz  search 
coil  magnetic  antenna  and  the  Ex  electric  dipole  antenna.  The  Bz 
antenna  is  parallel  to  the  spin  axis,  and  the  Ex  antenna  is  perpendi¬ 
cular  to  the  spin  axis.  Since  the  DE-1  spin  axis  is  perpendicular  to 
the  orbital  plane  the  Bz  antenna  measures  the  east-west  component  of 
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the  magnetic  field.  As  the  spacecraft  rotates  the  Ex  antenna  alter¬ 
nately  measures  the  perpendicular  (~  north-south)  and  parallel  compo¬ 
nents  of  the  electric  field.  The  correlation  coefficient  and  relative 
phase  are  measured  in  a  narrow  frequency  band  controlled  by  the  step¬ 
ping  of  the  sweep  frequency  receiver.  During  the  32  sec  Interval  shown 
In  Figure  10,  the  correlator  steps  through  four  frequency  bands,  1.78 
Hz,  3.11  Hz,  5.62  Hz,  and  10.0  Hz,  each  with  a  bandwidth  of  about  ±15%. 
The  center  frequencies  of  these  bands  are  Indicated  at  the  top  of 
Figure  10.  The  top  two  panels  show  the  amplitude  of  the  Ex  and  Bz 
fields,  and  the  bottom  two  panels  show  the  relative  phase  $,  and  the 
correlation  coefficient  p,  between  the  Ex  and  Bz  fields.  The  vertical 
dashed  lines  indicate  times  when  the  +x  antenna  axis  is  parallel  to 
the  Earth's  magnetic  field,  B0,  projected  into  the  spin  plane.  Because 
the  Earth's  magnetic  field  is  usually  within  a  few  degrees  of  the  spin 
plane,  the  Ex  antenna  axis  is  very  nearly  parallel  to  the  Earth's  mag¬ 
netic  field  at  these  times. 

Inspection  of  Figure  10  shows  that  the  Ex  amplitude  tends  to  have 
a  minimum  when  the  +x  antenna  axis  is  parallel  or  anti-parallel  to  the 
Earth's  magnetic  field.  This  spin  modulation  indicates  that  the  elec¬ 
tric  field  is  oriented  mainly  perpendicular  to  the  magnetic  field.  No 
spin  modulation  is  evident  in  the  Bz  amplitude  because  this  axis  is 
parallel  to  the  spin  axis.  The  bottom  panel  of  Figure  10  shows  that 
the  correlation  coefficient  between  the  Ex  and  Bz  fields  is  large, 
typically  greater  than  80%.  Roughly  twice  per  rotation  the  correlation 
coefficient  briefly  drops  to  a  low  value.  These  mini mutts  in  the 
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correlation  coefficient  occur  at  minimums  In  the  electric  field  Inten¬ 
sity,  when  the  +x  antenna  axis  is  parallel  or  anti-parallel  to  the 
Earth's  magnetic  field.  The  second  panel  from  the  bottom  shows  that 
the  relative  phase  between  the  Ex  and  Bz  fields  alternates  back  and 
forth  between  $  -  0°  and  <J>  ■  180°,  producing  a  clearly  defined  square 
wave  pattern.  The  transitions  between  $  -  0°  and  $  »  180°  occur  when 
the  -he  antenna  axis  is  parallel  or  anti-parallel  to  the  Earth's  mag¬ 
netic  field.  The  high  correlation  coefficient  and  the  square  wave 
phase  pattern  show  that  the  fluctuations  in  the  perpendicular  (east- 
west)  component  of  the  magnetic  field  and  the  perpendicular  (~  north- 
south)  component  of  the  electric  field  are  highly  correlated.  Careful 
consideration  of  the  directions  involved  shows  that  the  fluctuations 
are  such  that  the  Poynting  flux,  !>  -  E  *  B/i^,  is  directed  downward 
along  the  magnetic  field  line,  toward  the  Earth.  Investigation  of 
other  similar  cases  always  shows  the  same  basic  pattern.  Although  the 
correlation  coefficient  is  not  always  as  high  as  shown  in  Figure  10,  it 
is  usually  greater  than  50X,  and  whenever  a  clearly  defined  square  wave 
pattern  is  observed  in  the  phase  plot,  the  Poynting  flux  is  directed 
toward  the  Earth.  By  integrating  over  typical  electric  and  magnetic 
field  spectruma,  as  in  Figure  7  and  8,  and  using  a  representative 
correlation  coefficient,  the  electromagnetic  energy  flux  associated 
with  the  noise  can  be  estimated.  Integrated  from  1  Hz  to  100  Hz  one 
finds  for  a  typical  event  that  Ex  3  3  raVm-1,  Bz  *  10  nT,  and  p  3  0.8, 
which  gives  S  3  2  3  10-2  erg  cm*"2  sec-1.  This  energy  flux  is  about  0.1 
to  IX  of  the  electron  energy  flux  precipitated  in  the  auroral  regions. 


The  polarization  of  the  electric  field  fluctuations  in  a  plane 
perpendicular  to  the  magnetic  field  can  be  obtained  by  selecting  times 
when  the  Ex  and  Ez  electric  antennas  are  connected  to  the  correlator. 

An  example  of  an  event  where  the  electric  field  polarization  can  be 
measured  with  this  technique  is  shown  in  Figure  11.  Again,  clearly 
defined  minimuras  can  be  seen  in  the  Ex  field  amplitude  when  the  +x 
antenna  axis  is  parallel  or  anti-parallel  to  the  Earth's  magnetic 
field.  No  spin  modulation  is  evident  in  the  Ez  field  amplitude  because 
this  antenna  axis  is  parallel  to  the  spin  axis.  The  correlation 
coefficient  between  the  Ex  and  Ez  fields  is  again  seen  to  be  relatively 
high,  usually  exceeding  502.  However,  a  consistent  square  wave  spin 
modulation  pattern  is  not  evident  in  the  phase  plot.  The  absence  of  a 
spin  modulation  pattern  in  the  phase  plot  indicates  that  even  though 
the  fields  may  be  correlated  on  short  time  scales,  the  polarization  is 
essentially  random  on  a  time  scale  comparable  to  the  spacecraft  rota¬ 
tion  period.  Other  cases  investigated  show  the  same  result.  There¬ 
fore,  it  must  be  concluded  that  the  polarization  of  the  perpendicular 
component  of  the  electric  field  is  essentially  random.  No  evidence  is 
found  for  a  consistent  right-  or  left-hand  polarization  with  respect  to 
the  Earth’s  magnetic  field.  Polarization  measurements  could  not  be 
performed  on  the  magnetic  field  because  only  one  magnetic  sensor  is 
available  for  magnetic  field  measurements. 
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V.  POSSIBLE  INTERPRETATIONS 

Two  alternate  Interpretations  can  be  advanced  to  explain  the 
correlation  between  the  low  frequency  electric  and  magnetic  field 
noise.  The  noise  could  be  caused  by  either  small  scale  electrostatic 
and  magnetostatic  structures  Imbedded  In  the  plasma,  or  by  long  wave¬ 
length  electromagnetic  waves.  In  the  former  Interpretation  the  fre¬ 
quencies  observed  by  the  spacecraft  would  be  determined  by  Doppler 
shifts,  whereas  in  the  latter  Interpretation  the  frequencies  would  be 
the  actual  frequencies  of  the  wave.  We  now  consider  these  two  Inter¬ 
pretations  In  detail. 


A.  Quasl-Statlc  Model 

If  the  low  frequency  noise  is  attributed  to  the  motion  of  the 
spacecraft  through  quasi-static  electric  and  magnetic  field  structures 
In  the  Ionosphere  then  the  frequency  spectrum  would  be  entirely 
determined  by  the  Doppler  shift,  uj  ■  k*v.  An  upper  cutoff  frequency 
near  the  0+  cyclotron  frequency  would  then  have  to  be  completely  coin¬ 
cidental,  because  the  Doppler  shift  bears  no  relationship  to  the  cyclo¬ 
tron  frequency.  For  the  upper  part  of  the  magnetic  field  spectrum  the 
spatial  scale  lengths  required  to  explain  a  Doppler  shift  of  50  Hz  Is 
about  200  meters.  This  length  scale  Is  small,  but  not  unreasonably 
small  for  auroral  phenomena.  Auroral  arcs  with  a  thickness  of  only  a 
few  hundred  meters  have  been  reported  [Akasofu,  1965). 


Because  of  the  high  conductivity  along  the  magnetic  field  lines, 
it  Is  expected  that  any  static  structures  that  exist  In  the  Ionosphere 
would  tend  to  be  two**dimensional  with  the  electric  and  magnetic  field 
fluctuations  mainly  perpendicular  to  the  static  magnetic  field.  The 
electric  fields  would  then  be  associated  with  field-aligned  charge 
sheets  and  the  magnetic  fields  would  be  associated  with  field-aligned 
current  sheets.  If  two-dimensional  static  structures  of  this  type  are 
present  In  the  ionosphere  then  one  may  question  why  the  electric  and 
magnetic  fields  would  be  so  closely  correlated.  A  convenient  answer  is 
provided  by  Smiddy  et  al.  11980].  If  the  field-aligned  currents  close 
in  a  meridian  plane  through  the  base  of  the  Ionosphere,  as  illustrated 
in  Figure  12,  then  the  north-south  electric  field  Is  related  to  the 
field-aligned  current  by  the  height-integrated  Pedersen  conductivity, 
Ip.  It  Is  relatively  straightforward  to  show  that  B/(u0E)  «  Ip,  where 
B  Is  the  east-west  magnetic  field  and  E  is  the  north-south  electric 
field.  The  correlation  between  the  north-south  electric  field  and  the 
east-west  magnetic  field  and  the  relation  to  the  Pedersen  conductivity 
has  been  previously  observed  and  discussed  by  Suglura  et  al.  [1982]. 

It  Is  easy  to  see  by  reference  to  Figure  12  that  the  fluctuations 
In  the  north-south  electric  field  and  east-west  magnetic  field  are 
correlated  In  such  a  way  that  the  Poyntlng  flux  Is  directed  downward, 
toward  the  Earth,  in  agreement  with  the  observations.  The  downward 
direction  for  the  Poyntlng  flux  arises  because  energy  is  being 
dissipated  by  Joule  heating  at  the  base  of  the  Ionosphere.  The  origin 
of  the  energy  required  to  drive  this  dissipation  is  not  addressed  by 
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Che  basic  model.  The  fact  that  the  average  Poyntlng  flux  Is  downward 
at  altitudes  up  to  several  thousand  km  Indicates  that  the  energy  source 
Is  located  above  this  altitude  range.  Several  possible  energy  sources 
can  be  Identified.  If  the  perpendicular  electric  field  structures  are 
produced  by  a  shear  driven  Instability,  as  suggested  by  Kintner  [1976] 
and  Kelley  and  Kintner  [1978],  then  the  energy  would  come  from  the 
shear  In  the  convective  plasma  flow.  On  the  other  hand,  the  spatial 
structure  could  also  be  related  to  a  boundary  condition  imposed  by 
double-layers  or  electrostatic  shocks  at  high  altitudes.  Mozer  [1981] 
has  described  electrostatic  shocks  at  altitudes  of  several  Rg  that  map 
to  transverse  scales  lengths  as  small  as  100  meters  in  the  ionosphere. 

The  static  structure  model  can  be  tested  by  comparing  the  measured 
magnetic  to  electric  field  ratios  to  the  Pedersen  conductivity.  Near 
the  base  of  the  ionosphere  B/(uQE)  should  agree  with  the  Pedersen  con¬ 
ductivity.  From  the  scatter  plot  in  Figure  9,  and  from  the  individual 
cases  In  Figures  7  and  8,  it  can  be  seen  that  the  magnetic  to  electric 
field  ratios  measured  at  low  altitudes  correspond  to  a  conductivity 
typically  In  the  range  from  about  0.5  to  2  mho.  These  conductivities 
are  significantly  smaller  than  the  typical  height-integrated  Pedersen 
conductlvies  of  8  to  20  mhos  measured  in  diffuse  auroras  and  discrete 
arcs  by  Horwitz  et  al.  [1978]  using  radar  backscatter  techniques. 
Comparisons  can  also  be  made  In  the  specific  cases  by  computing  the 
Pedersen  conductivity  from  the  measured  electron  precipitation  using 
the  procedures  of  Wallace  and  Budzlnski  [1981]  and  Spiro  et  al.  [1982]. 
For  the  spectrum  In  Figure  7  the  Pedersen  conductivity  computed  from 
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Che  preclpiCated  electron  spectrum  was  £p  «  4.7  mhos.  This  value  Is 
higher  than  the  conductivity  determined  from  the  magnetic  to  electric 
field  ratio.  However,  considering  the  uncertainties  Involved  the 
computed  conductivity  may  still  be  within  an  acceptable  range.  For 
example,  for  spatial  scales  less  than  a  few  hundred  meters  the  current 
should  start  to  close  in  the  upper  part  of  the  conducting  layer, 
thereby  reducing  the  effective  conductivity  (C.  Goertz,  personal 
communication).  Short  wavelength  corrections  of  this  type  will  require 
further  study. 

To  compare  the  Pedersen  conductivity  with  magnetic  to  electric 
field  ratios  measured  at  higher  altitudes  it  is  necessary  to  adopt  a 
model  for  mapping  the  electric  and  magnetic  fields  to  higher  altitudes. 
If  it  is  assumed  that  the  parallel  electric  field  is  zero  and  that  the 
current  responsible  for  the  magnetic  field  is  field-aligned,  then  it  is 
easy  to  show  that  the  magnetic  to  electric  field  ratio  is  given  by 


B 

(ZTT 


1  +  3  sin  A  i/2 

U - 

p  1  +  3  sin  A 


(1) 


where  Ag,  is  the  magnetic  latitude  and  A  is  the  invariant  latitude. 

Near  the  Barth,  where  3  A,  the  magnetic  to  electric  field  is  nearly 

independent  of  radial  distance.  This  prediction  is  in  strong  disagree¬ 
ment  with  the  observed  radial  dependence  of  B/(mqB)  shorn  in  Figure  9. 
Thus,  the  simple  static  structure  model  of  Smiddy  et  al.  [1980]  is  not 
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able  to  account  for  an  essential  feature  of  the  observations.  The  only 
way  that  a  quasi-static  model  could  account  for  the  observed  radial 
dependence  of  B/(u0E)  is  for  a  non-zero  parallel  electric  field  to  be 
present.  Parallel  electric  fields  are  of  course  thought  to  be  present 
in  the  auroral  regions.  To  determine  the  electric  field  mapping  in  the 
presence  of  a  parallel  electric  field  requires  a  specific  model  for  the 
parallel  electric  field.  Such  models  exist.  See,  for  example,  Lyons 
[1980].  However,  these  models  mainly  deal  with  large-scale  fields  and 
do  not  provide  predictions  that  can  he  easily  compared  with  the  radial 
variation  of  B/CuqE)  shown  in  Figure  9.  Therefore,  further  study  will 
be  needed  before  a  definitive  comparison  can  be  made. 

B . _ Alfven  Wave  Model 

If  the  electric  and  magnetic  fields  of  the  low  frequency  noise  is 
attributed  to  long  wavelength  electromagnetic  waves  then  we  must  iden¬ 
tify  the  mode  of  propagation.  For  frequencies  below  the  ion  cyclotron 
frequency,  the  only  possibility  is  an  Alfven  mode,  since  no  other  elec¬ 
tromagnetic  mode  exists  in  this  frequency  range.  The  possibility  of 
Alfven  waves  propagating  along  the  auroral  field  lines  has  been  sug¬ 
gested  by  several  investigators,  including  for  example  Scholer  [1970], 
Goertz  and  Boswell  [1979],  and  Lysak  and  Dum  [1983].  If  a  disturbance 
is  imposed  on  the  auroral  field  lines  at  large  distances  from  the 
Earth,  this  disturbance  is  transmitted  along  the  field  line  as  an 
Alfven  wave.  It  is  easy  to  verify  that  for  a  source  at  several  Rg 
the  round  trip  travel  time  for  an  Alfven  wave  through  the  ionosphere 
and  back  to  the  source  is  several  seconds.  For  typical  convection 


speeds  of  a  few  km/sec,  the  plasma  will  have  moved  several  km  by  the 
time  a  disturbance  Imposed  by  the  source  has  propagated  to  the  base  of 
the  ionosphere  and  back.  Therefore,  for  spatial  scales  of  a  few  km  or 
less,  it  is  necessary  to  take  into  account  the  propagation  and  reflec¬ 
tion  of  Alfven  waves  between  the  source  and  the  base  of  the  ionosphere. 
This  situation  is  somewhat  analogous  to  the  propagation  of  waves  in  a 
transmission  line.  To  arrive  at  a  steady-state  equilibrium  the  mag¬ 
netic  and  electric  fields  must  undergo  a  complex  time-dependent 
oscillation  between  the  values  determined  by  the  resistive  load,  B/E  » 
u0-p,  and  the  value  determined  by  the  Alfven  index  of  refraction,  B/E 
-  nA/c. 

The  Alfven  wave  interpretation  can  be  tested  by  comparing  the  mag¬ 
netic  to  electric  field  ratio,  cB/E,  with  the  Alfven  index  of  refrac¬ 
tion,  nA  -  / 1^/  ( t0Bo) ,  where  Pg,  is  the  mass  density  and  BQ  is  the 
static  magnetic  field  strength.  For  Alfven  waves  propagating  parallel 
to  the  Earth's  magnetic  cB/E  »  nA.  For  other  propagation  angles  cB/E 
is  proportional  to  nA.  As  can  be  seen  from  Figures  7  and  ft,  at  low 
altitudes  cB/E  ranges  from  about  500  to  1000.  For  a  plasma  consisting 
of  0+  ions,  which  should  be  the  dominant  ion  at  low  altitudes,  the 
electron  density  would  have  to  be  in  the  range  from  about  6  *  10s  to 
1.5  *  10^  cm-J.  These  values  are  very  typical  of  the  electron  den¬ 
sities  in  the  topside  auroral  ionosphere  at  R  «  1.1  to  1,2  ^  [Nelms, 
1966].  Thus,  at  low  altitudes  the  observed  magnetic  to  electric  field 
ratios  are  in  good  agreement  with  an  Alfven  wave  interpretation. 

To  carry  out  a  meaningful  comparison  at  higher  altitudes  we  must 
investigate  the  radial  variation  of  the  Alfven  index  of  refraction. 
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The  basic  radial  dependence  is  well-established.  Near  the  Earth  the 
index  of  refraction  should  decrease  exponentially  with  increasing  alti¬ 
tude  because  of  the  exponential  altitude  variation  of  the  C&  plasma  den¬ 
sity.  At  higher  altitudes,  beyond  about  1.5  to  2.0  Rg,  the  index  of 
refraction  profile  should  level  off  and  then  start  to  increase  as  the 
plasma  composition  changes  from  0+  to  H+.  Qualitatively  this  radial 
dependence  is  in  good  agreement  with  the  measured  cB/E  ratios  in  Figure 
9.  To  conduct  a  quantitative  comparison  a  specific  plasma  density  model 
is  needed.  Near  the  Earth,  at  altitudes  below  a  few  thousand  km,  the 
plasma  density  has  been  extensively  studied  by  low  altitude  polar  orbit¬ 
ing  spacecraft.  For  example,  see  Chan  and  Colin  [1969],  or  Brace  [1970]. 
Farther  from  the  Earth  fewer  measurements  are  available  and  the  density 
profile  is  less  well  known.  Recently,  a  study  of  the  electron  density 
profile  over  the  polar  region  has  been  carried  out  by  Persoon  et  al. 
[1983],  using  data  from  DE-1.  Although  this  study  was  restricted  to  the 
polar  cap,  comparisons  in  specific  cases  show  that  the  density  in  the 
auroral  regions  is  usually  lower  than  the  poAar  cap  densities  by  about  a 
factor  of  two  or  three.  Using  the  density  profile  obtained  by  Persoon 
et  al.  [1983]  at  high  altitudes,  and  the  densities  measured  by  Chan  and 
Colin  [1969]  at  low  altitudes,  the  model  shown  in  Figure  13  has  been  con¬ 
structed.  The  shaded  region  marked  "Alfven  wave  model"  indicates  the 
estimated  range  of  n^  values.  The  wide  range  of  uncertainty  at  high 
altitudes  is  due  to  the  unknown  composition  at  high  altitudes.  The  upper 
limit  assumes  that  the  plasma  is  entirely  CT*',  and  the  lower  limit  assumes 
a  transition  from  0*  to  at  about  1.4  Rg.  Because  this  is  an  "average" 
model,  significant  deviations  can  be  expected  because  of  seasonal 
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effects,  auroral  activity,  and  other  factors,  particularly  at  higher 
altitudes.  Considering  these  uncertainties,  the  model  Index  of  refrac¬ 
tion  profile  Is  seen  to  be  in  good  quantitative  agreement  with  the 
measured  cB/E  ratios,  particularly  If  the  plasma  has  a  substantial  O'1- 
concentration  at  high  altitudes. 

Near  the  ion  cyclotron  frequency,  the  left-hand  polarized  Alfven 
wave  becomes  an  ion  cyclotron  wave  [Stix,  1962] .  Because  left-hand 
polarized  ion  cyclotron  waves  do  not  propagate  at  frequencies  above  the 
Ion  cyclotron  frequency,  this  propagation  cutoff  could  explain  why  a  cut¬ 
off  sometimes  exists  at  the  OT**  cyclotron  frequency.  The  possibility  that 
the  low  frequency  noise  consists  partly  of  left-hand  polarized  waves  may 
have  some  interesting  implications  for  ion  heating  In  the  auroral 
regions.  Although  the  average  energy  flow  is  directed  toward  the  Earth, 
a  substantial  amount  of  the  wave  energy  should  be  reflected  from  the 
Ionosphere,  as  illustrated  In  Figure  14.  As  the  reflected  wave  propa¬ 
gates  upward,  the  left-hand  polarized  component  will  be  absorbed  by  CT1" 
Ions  at  the  (T  cyclotron  frequency.  Because  the  wave  energy  integrated 
over  the  auroral  zones  (2  x  10“^  ergs  cm~^,  over  an  area  of  2  x  500  km  x 
6000  km)  is  very  large,  approximately  1.2  x  10 8  watts,  the  energy  input 
Into  the  0*  ions  could  be  appreciable.  This  heating  could  possibly 
account  for  the  upflowing  0*  conics  reported  by  Collins  et  al.  [1983]  and 
Yau  et  al.  [1984].  Rough  estimates  by  Yau  [personal  communication]  Indi¬ 
cate  that  a  total  power  of  about  5  >  10?  watts  is  required  to  account  for 
the  outflowing  0+  ions  observed  during  quiet  times,  increasing  to  about 
1.6  x  10®  watts  during  disturbed  times.  The  possibility  of  resonant 
absorption  of  left-hand  polarized  ion  cyclotron  waves  as  a  mechanism  for 
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heating  ions  Is  not  new.  Ion  cyclotron  waves  have  been  used  for  Ion 
heating  In  laboratory  plasmas,  and  Temerln  et  al.  [1984]  have  already 
suggested  that  H+  electromagnetic  ion  cyclotron  waves  could  be  respon¬ 
sible  for  producing  H+'  ion  conics. 


IV.  CONCLUSION 


We  have  presented  DE-1  measurements  of  Intense  low  frequency  electric 
and  magnetic  noise  observed  at  low  altitudes  over  the  auroral  zone.  The 
polarization  of  the  electric  field  in  a  plane  perpendicular  to  the  Earth's 
magnetic  field  is  essentially  random.  Phase  measurements  show  that  the 
transverse  electric  and  magnetic  fields  are  closely  correlated,  with  the 
average  Poynting  flux  directed  downward,  toward  the  Earth.  The  total  power 
associated  with  the  noise  is  substantial,  approximately  10s  watts  inte¬ 
grated  over  both  auroral  zones.  The  source  of  this  noise  must  be  located 
along  the  auroral  field  lines  at  altitudes  of  several  thousand  km  or  more. 

Two  alternative  models  have  been  discussed  to  interpret  these  obser¬ 
vations,  one  based  on  quasi-static  electric  and  magnetic  fields  structures 
imbedded  in  the  ionosphere,  and  the  other  based  on  the  propagation  of  Alfven 
waves  along  the  auroral  field  lines.  For  the  quasi-static  model  with  E B  »  0 
the  magnetic  to  electric  field  ratio  is  determined  by  the  height-integrated 
Pedersen  conductivity  at  the  base  of  the  ionosphere,  B/CpqE)  ■  £p,  whereas 
for  the  Alfven  wave  model  the  magnetic  to  electric  field  ratio  is  determined 
by  the  Alfven  index  of  refraction,  cB/E  -  n^.  The  measured  magnetic  to 
electric  field  ratios  are  in  good  quantitative  agreement  with  the  Alfven 
wave  model,  and  in  strong  disagreement  with  the  quasi-static  model.  The 
only  way  that  a  quasi-static  model  could  be  brought  into  agreement  with  the 
observations  is  for  a  parallel  electt'.c  field  to  be  present  along  the  auro¬ 
ral  field  lines.  At  the  present  time,  no  suitable  theory  exists  to  predict 
the  altitude  dependence  of  the  parallel  electric  field. 
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Overall,  we  believe  that  the  DE-1  measurements  provide  strong  evidence 
of  the  existence  of  Alfven  wave  turbulence  along  the  auroral  field  lines, 
mainly  because  of  the  close  similarity  of  the  measured  cB/E  ratio  with  the 
expected  radial  variation  of  the  Alfven  index  of  refraction.  We  do  not 
suggest  that  Alfven  waves  account  for  all  of  the  electric  field  noise 
observed  in  the  auroral  regions.  As  shown  by  Temerln  [1978]  there  Is 
strong  evidence  of  very  short  wavelength  (tens  of  meters)  electrostatic 
turbulence  In  the  auroral  regions.  Although  the  shear  Alfven  mode  can 
develop  a  strong  electrostatic  component  at  large  wave  normal  angles,  such 
short  wavelengths  cannot  reasonably  be  interpreted  as  Alfven  waves.  Most 
likely,  a  mixture  of  both  electromagnetic  and  electrostatic  waves  occurs 
along  the  auroral  field  lines.  The  scatter  In  the  measured  magnetic  to 
electric  field  ratios,  and  the  fact  that  the  scatter  is  reduced  as  the 
correlation  coefficient  Is  Increased  supports  this  point  of  view.  At  the 
present  time  we  do  not  know  the  origin  of  the  Alfven  wave  turbulence. 
Possibly  the  waves  could  be  produced  by  a  shear-driven  MHD  turbulence  pro¬ 
cess,  such  as  suggested  by  Klntner  [1976],  or  by  a  kinetic  Instability 
driven  by  free  energy  in  the  auroral  electron  distribution.  We  do,  how¬ 
ever,  know  that  the  source  is  located  at  relatively  high  altitudes  since 
the  average  energy  flow  Is  always  toward  the  Earth,  even  at  altitudes  up  to 
1  RE.  Whatever  the  source  the  total  power  Involved  is  substantial,  at 
least  108  watts.  Most  of  this  energy  is  probably  dissipated  In  the  conduc¬ 
tive  layer  at  the  base  of  the  ionosphere.  However,  if  some  of  the  energy 
Is  reflected  from  the  base  of  the  Ionosphere,  then  the  reflected  waves 
could  possibly  play  a  role  In  ion  acceleration  If  the  left-hand  polarized 
component  is  absorbed  at  the  Ion  cyclotron  frequency. 
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FIGURE  CAPTIONS 


Figure  1 


Figure  2 


Figure  3 
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Typical  DE-i  electric  and  magnetic  field  spectrograms 
showing  the  low  frequency  electric  and  magnetic  field 
noise  observed  at  low  altitudes  over  the  auroral 
zones.  Note  that  the  low  frequency  noise  occurs  over 
both  the  evening  and  morning  auroral  regions,  but  is 
almost  completely  absent  over  the  polar  cap. 

Another  example  of  the  low  frequency  electric  and 
magnetic  field  noise  during  a  pass  about  three  months 
after  the  event  in  Figure  1.  Very  similar  low 
frequency  noise  spectrums  are  observed  on  essentially 
all  low  altitude  passes  over  the  auroral  zones. 

A  magnetic  meridian  plane  plot  of  all  of  the  low 
frequency  noise  events  detected  by  DE-1  over  a  two- 
year  period.  The  noise  occurs  continuously  along  the 
auroral  L-shells  at  radial  distances  up  to  about  2 
Rg.  Note  the  tendency  for  the  latitudinal  width  to 
increase  with  decreasing  altitude,  as  though  the 
noise  is  spreading  out  and  propagating  downward  from 
a  source  at  high  altitudes. 
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Figure  4 


Figure  5 


Figure  6 


An  invariant-latitude/magnetic-local-time  plot  of  all 
of  the  low  frequency  noise  events  detected  by  DE-1 
over  a  two-year  period.  The  noise  occurs  at  essen¬ 
tially  all  local  times.  The  gaps  in  the  early 
morning  and  early  afternoon  are  in  regions  where  no 
low  altitude  data  are  available. 

A  comparison  of  the  DE-1  low  energy,  56  to  13,206 
eV,  electron  measurements  with  the  low  frequency 
noise  observed  on  a  low  altitude  pass  over  the 
southern  polar  region  on  October  25,  1981.  The 
region  of  intense  low  frequency  noise  (shaded)  occurs 
in  regions  of  low  energy  electron  fluxes  and  field- 
aligned  currents  typical  of  the  auroral  zone. 

Another  example  showing  the  relationship  between  the 
low  frequency  magnetic  noise,  shown  in  the  top  panel, 
and  the  low  energy  electron  measurements,  shown  in 
the  bottom  three  panels.  The  low  frequency  noise  is 
closely  related  to  the  region  of  field-aligned 
currents  linking  the  auroral  zone  and  the  distant 


magnetosphere 
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Figure 


Figure 


Figure 


Figure 


7  An  example  of  simultaneously  measured  electric  and 
magnetic  field  spectrums  for  a  low  frequency  noise 
event  detected  by  DE-1.  Note  that  most  of  the  energy 
in  the  spectrum  is  concentrated  at  frequencies  below 
the  0+  cyclotron  frequency,  fco-(-.  The  top  panel 
shows  the  magnetic  to  electric  field  ratio  in  terms 
of  the  index  of  refraction,  cB/E ,  and  the  conduc¬ 
tivity,  B/CmqE). 

8  Another  set  of  spectrums  comparable  to  Figure  7, 

Note  that  the  magnetic  spectrum  has  a  distinct  drop 
in  intensity  slightly  below  the  0+  cyclotron  fre¬ 
quency,  fc0+. 

9  A  scatter  plot  of  the  magnetic  to  electric  field 
ratio,  expressed  as  either  cB/E  or  B/ ( i^E) ,  as  a 
function  of  altitude.  Note  the  strong  tendency  for 
the  magnetic  to  electric  field  ratio  to  decrease  with 
increasing  radial  distance. 

10  A  plot  of  the  electric  and  magnetic  field  amplitudes, 
Ex  and  Bz,  the  relative  phase  y,  and  correlation 
coefficient  p,  for  a  low  frequency  noise  event 
detected  over  the  southern  auroral  zone.  Note  the 


relatively  high  correlation  coefficient  between  the 
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Ex  and  Bz  fields  and  the  square  wave  spin  modulation 
pattern  in  the  phase  plot.  These  measurements  show 
that  the  fluctuations  in  the  Ex  and  Bz  fields  are 
closely  correlated,  with  the  Poynting  flux  directed 
downward  toward  the  Earth. 

Figure  11  A  correlation  plot  similar  to  Figure  9  for  the  Ex  and 

Ez  fields.  Although  these  fields  have  a  relatively 
high  correlation  coefficient,  often  greater  than  50%, 
the  phase  plot  does  not  show  a  square  wave  spin 
modulation  pattern,  indicating  that  the  perpendicular 
electric  field  is  randomly  polarized. 

Figure  12  An  illustration  showing  how  field-aligned  currents 

closing  through  a  conducting  layer  at  the  base  of 
the  ionosphere  can  produce  closely  correlated  north- 
south  electric  and  east-west  magnetic  fields.  The 
magnetic  to  electric  field  ratio  is  determined  by  the 
height-integrated  Pedersen  conductivity,  ip. 

Figure  13  A  model  of  the  Alfven  index  of  refraction  as  a  func¬ 

tion  of  radial  distance  for  comparison  with  Figure  9. 
The  electron  density  profile  used  in  this  model  is 
taken  from  Persoon  et  al.  [1983],  The  upper  limit 
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assumes  that  the  plasma  is  entirely  0+,  and  the  lower 
limit  assumes  a  transition  from  H+  to  CT*'  at  about  1.4 
Rjr .  Also  shown  is  the  magnetic  to  electric  field 
ratio  for  the  quasi-static  model  with  E  j,  =  0.  The 
limits  on  _p  are  from  Horwitz  et  al.  [1978]. 

Figure  14  A  plot  of  the  0+  cyclotron  frequency  as  a  function  of 

altitude  showing  how  a  left-hand  polarized  Alfven 
reflected  from  the  ionosphere  would  be  absorbed  by 
ion  cyclotron  damping  at  the  0+  cyclotron  frequency. 
This  energy  absorption  could  heat  0+  ions,  possibly 
producing  ion  conics  and  other  non-therraal  ion 
distributions . 
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